• Thermal processing of Chocolate Brown HT food additive • Thermal stability and electrochemical degradation of E155
uration of living tissue, and effects of different additives on their thermo-chemical behavior. Thus, thermal and calorimetric analysis of foods depends on their composition: proteins, lipids, carbohydrates and/ /or inorganic constituents [1] . Physical states of food constituents represented as state diagrams are also extensively studied for equilibrium phases and nonequilibrium states of fresh, frozen or heated foods [2] . Thermal processing of food is widely used in the food industry.
Thermal analysis was used to study the thermal stability and consequently the protective action of some antioxidants used in food industry, such as citric acid, sorbic acid, sodium erythorbate, ascorbic acid, phytic acid and propyl gallate [3] . Other food additives (ethylvanillin and vanillin, pharmaceutically active contaminants detected in food, chlorophyll, Light Naphtha) were investigated by thermal analysis and other physicochemical methods in order to determine their stability, anticorrosive properties and degradation products [4] [5] [6] [7] . Thermal analysis can be used in the design of food drying and freezing processes used in food industry. Fat and fat-free muscle of king fish, black tiger shrimp and other seafood products, chicken, mutton, rice, sweet potato, date palm fruit, dragon fruit and papaya were analyzed by freezing and heating techniques commonly used in the food industry. These processes cause the denaturation of proteins, fiber rearrangement or changes of water activities [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .
Thermal analysis of natural/synthetic food additives or food constituents has been used to identify the temperature range of thermally stable compounds and the decomposition products [20] [21] [22] [23] . Cocoa is largely used in the food industry as a source of fatty acids, fibers and antioxidant phenolic compounds [24, 25] . The E155 food additive is used in the food industry, cosmetics industry and medicine industry to make food and drugs more attractive, to provide and enhance the color.
This research article presents a comprehensive assessment of information on Chocolate Brown HT food additive and contains thoughtful insights, and experimental results obtained using a suitable set of methodologies considering the safe thermal use of this additive in industrial application, the household, and/or confectionery and its interaction with halide anions regarding the electrochemical stability and the easiest way to degrade this additive from aqueous polluted solutions.
EXPERIMENTAL

Materials
The E-155 (also known as Brown HT, Chocolate Brown HT, Food Brown 3 or C.I. 20285) color food additive was purchased from SC SUPREMIA GRUP SRL, a local supplier. As specified by the manufacturer, the purity of the sample was not less than 85%. Allowed limits for BHT purity are: water-insoluble substances <0.2%, extracting ether <0.2%, auxiliary coloring agents <10%, aromatic amines <0.01%, organic constituents other than dyes <0.7%, heavy metals <0.004%. This substance is marketed as 150 g vials and distributed in confectioneries or for household use. The alkali halides (NaF, NaCl, KBr, NaI) were purchased from Sigma Aldrich and had analytical purity.
Methods and techniques
Thermal analysis
For simultaneous, real-time measurement of sample weight variation and heat flow, a Diamond TG/DTA thermal analyzer -Perkin Elmer, Holland, was used. The Perkin Elmer diamond thermogravimetric/differential thermal analyzer (TG/DTA) ensures the differential temperature analysis (DTA) in the same time with thermogravimetry (TG) method. It allows us to determine the absorbed or released energy by the sample and correlate an exothermic or endothermic effect with physicochemical processes (e.g., solid-solid transitions, vaporization and decomposition). Pyris software was used to set the experimental parameters and also to process the thermogravimetric and calorimetric curves. A Brown HT sample of 3-5 mg with a precision of 1.01E-4 was weighed in a platinum crucible. The dye sample was heated from room temperature to 1000 °C with a heating rate of 5 °C min -1 . The thermal analysis was carried out in an inert atmosphere of nitrogen gas, so that throughout the experiment the nitrogen gas was purged with a constant flow rate of 150 mL min -1 through the furnace.
Electrochemical analysis
Stock solutions of 10 -2 mol L -1 Brown HT and 1.0 mol L -1 NaX (X = F, Cl, Br or I) were prepared by dissolving appropriate weights in distilled water. 1.0 mL of Brown HT stock solution and 10.0 mL of NaX stock solution were transferred into a 100 mL volumetric flask and completed with distilled water. The electrochemical stability of the working aqueous solution of Brown HT was studied by electrochemical methods: cyclic voltammetry and galvanostatic technique (constant current electrolysis).
All electrochemical tests were carried out using a standard electrochemical cell in which three electrodes were inserted: two identical electrodes made of platinum (anode and cathode) with an active surface of 2 cm 2 and a reference electrode represented by Ag/AgCl, KCl sat electrode. The potential step of 100 mV s -1 was used to record the cyclic voltammograms. For the dye degradation the galvanostatic method was used applying a current density of 50 mA cm -2 . Both cyclic voltammetry and constant current electrolysis were performed under dynamic conditions, the mixing rate being 300 rot min -1 .
UV-Vis spectrophotometry
All spectral measurements were carried out using a Varian-Cary 50 UV-Vis spectrophotometer connected to a Hewlett-Packard personal computer and accessorized with a 10/10/45 mm quartz cell.
Cary Win UV spectroscopy software was used to process the absorption spectra recorded within the wavelength range of 200-800 nm. Samples of the electrolyte solution were taken at different electrolysis times and UV-Vis molecular absorption spectra were recorded.
RESULTS AND DISCUSSION
Thermal analysis
Thermal stability of the BHT food additive was studied in a nitrogen inert atmosphere using the Perkin Elmer thermal analyzer, Holland. The TG and DSC curves were recorded with an accuracy of ±0.1--0.2 ng for the sample and both the working and reference crucibles were made of pure platinum. Figure 1 shows the results of experimental measurements, processed as thermogravimetric curve/ /mass loss (TG), heat flow variation (DSC) and differential thermal analysis (DTA).
As indicated by Figure 1 , it can be seen that at temperatures below 150 °C a mass decrease of ∼7% is registered. Knowing the high degree of hygroscopicity of these very fine powders, this step is correlated with the evaporation of physically retained water due to moisture or evaporation of residual impurities such as solvents from the industrial manufacturing process [5, 7] . The melting point depends on the molecular packing, C-H interactions, hydrogen bonds, van der Waals forces, purity, as well as experimental parameters [26] [27] [28] . In the case of pure monodispersed substances having known melting point values, the liquefaction temperatures are identified by a sharp endothermic peak in the DSC analysis in association with a constant mass in TG curve [26] [27] [28] . In the case of BHT thermal analysis, TG curve ( Figure  1 ) shows a mass decrease of 7% at temperatures below 150 °C in association with a very broad endothermic peak on DSC curve in the same temperature range. According to these experimental results it is impossible to associate the melting point in this temperature range.
The first pyrolytic step recorded in a dynamic regime, oxygen-free furnace at temperatures above 300 °C is an exothermic process. TG curve shows a decrease in mass of the sample of about 8.5%, while the DSC curve shows an exothermic heat effect associated with this temperature range. The DSC peak shows a maximum at 390 °C and is associated with the first stage of the pyrolysis process. The cracking of the BHT molecule is most likely initiated with the removal of molecular nitrogen (Scheme 1), this step corresponds to a decrease in the mass of 8.58%, theoretically calculated, very close to that recorded experimentally of 8.57%.
The pyrolysis process involves simultaneous modifications of the chemical composition and of the physical phase of the BHT compound, and is irreversible.
The thermogravimetric curve (TG) was processed as first derivative thermogravimetric curve (DTG) with the Pyris software, and the obtained results, the maximum peaks, the percentage decrease in mass, the amount of residue, are shown in Figure 2 and Table 1 .
The dynamic TG curve (Figure 2 ) obtained using a Diamond thermobalance on rising temperature in nitrogenous atmosphere indicated further successive steps of thermal decomposition. Going a step further, it is utmost probable for 2,4-dihydroxybenzylic alcohol intermediate to decompose. Decomposition of this intermediate fragment results in small decreases in the mass of the sample: 5.54% -most likely corresponding to the removal of chemically bonded oxygen, as H 2 O (5.52%, theoretically calculated); 7.13% -corresponds to carbon monoxide removal and/or oxygen removal, as H 2 O (7.05% -theoretically calculated). When the sample is heated at temperatures higher than 600 °C, transformations of naphthalene rings begin, and because it is an endothermic process, a higher amount of energy is necessary to achieve the temperatures required to form final degradation products with small molecular weight. Analyzing the processed TG curve from Figure 2 it is observed that at higher temperatures then 550 °C there is a higher gradient in mass loss decreases, resulting in a bigger decomposition rate. The mass loss of 8.55% registered within the temperature interval 555-685 °C can be correlated with acetylene and hydrogen elimination from the naphthalene ring (8.56%, theoretically calculated). As the naphthalene cycle decomposes, the most likely formation of unstable NaSO 3 • species occurs which stabilizes to sodium sulfate and/or sodium sulfite (Scheme 1) [29] . In addition to mentioned processes, on heating to 600 °C, sodium sulfite disproportionates to sodium sulfide and sodium sulfate and above 900 °C sodium sulfite it decomposes to sulfur dioxide sodium oxide (Scheme 1) with an exothermic peak (peak width 860-905 °C) in the calorimetric curve [29, 30] . The final step mass loss being higher can be attributed to SO 2 and SO 3 elimination (9.81%/12.26%). Under these conditions, the residue remaining in the working crucible, over 33%, is represented by sodium sulfite/sodium sulfate and ash (C, 33.53%, theoretically calculated).
Electrochemical analysis/cyclic voltammetry
The electrochemical processes of the Pt electrode in aqueous solutions of BHT molecule containing NaX supporting electrolyte, as a result of potential cycling are correlated with the processes of X -at the electrode/electrolyte interface. Electrochemical analysis of food additives is widely used to study their stability [31, 32] . Halide anions are daily or frequently used in food, so they can interact with other foods components. Chloride anions are ingested daily and are found both in food and in table salt; the fluoride anions are found in toothpaste and are frequently ingested during the washing of the teeth; bromide anions are components of some drugs, while iodide ions are in higher concentrations in iodinated salt. The electrochemical degradation of BHT organic molecule could take place by: i) direct electrochemical degradation (heterogeneous) through direct participation in electrode processes at the electrode surface, as is the case of inert support electrolytes such as fluoride ions; ii) indirect electrochemical degradation (homogenous) in bulk solution by the electrochemically generated species, as is the case of active supporting electrolytes such as chlorides, bromides and iodides.
In the presence of F -, only small intensity peaks are observed in the potential range -0.5 to 1.0 V due to BHT molecule adsorption and oxidation on the metallic surface (Figure 3) . In this potential range F -are electrochemically inactive and, consequently, the formation of oxygenated species does not occur. In the chloride solution the slight increase of current density in the corresponding cyclic voltammogram is related to the chloride oxidation which generates hypochlorite species in the vicinity of the electrode [33, 34] . The presence of bromides in the electrolyte solution led to the increase in both the anodic and cathodic current density over the potential range between -1.0 and 0.0 V. This can be attributed to the participation of bromide/hypobromite ions in electrode processes.
The cyclic voltammogram obtained in the presence of iodines (Figure 3a) indicates the presence of two maxima of the anode current densities due to the oxidation of I -to higher oxidation states; these species participate in reduction processes corresponding to the high intensity cathode peak recorded at the potential value of 0.1 V. In the presence of BHT molecules (Figure 3b) , there is only a partial reduction of these species so this peak is no longer recorded.
Constant current electrolysis/UV-Vis spectrophotometry
Constant current electrolysis of the aqueous solution containing Chocolate Brown HT food additive was carried out to test the effect of different NaX (X = F, Cl, Br or I) on the electrochemical color removal; ECR = 100(1-A t /A 0 ); A 0 and A t represent the absorbance values at the initial moment and at any time t, respectively. UV spectrophotometry can be successfully used to observe the absorbance variations of the photosensitive species during electrochemical degradation processes [35, 36] . Figure 4a-d show the UV--Vis spectra of the aqueous solutions of the food additive recorded at different times of the electrolysis process: Figure 4a -in the presence of fluorides the spectra were registered every 10 min for 60 min; Figure 4b -in the presence of chlorides the electrolysis process lasted for 10 min, and the spectra were registered every 1 min; Figure 4c and d -in the presence of bromides and iodides the UV-Vis spectra were registered every 10 s for a total time of electrolysis of 120 s.
Three well-defined peaks at characteristic wavelengths were found in all cases: 315, 492 and 630 nm, and one peak of small intensity at 415 nm. The electrochemical treatment of organic pollutants is known to yield better results in the presence of halide anions due to the synergistic action of electrogenerated active species (XO -) [35] . As found in Figure 4c , a larger decrease was attained when the supporting electrolyte was represented by sodium bromide, requiring 30-40 s for total dye removal. This attests to the great oxidizing ability of electrogenerated oxybromide anions (BrO -).
The absorbance values obtained experimentally were used to calculate the electrochemical color removal (ECR) of BHT in the presence of the four halide ions used as supporting electrolyte. Some of the available scientific evidence does not substantiate a link between the color additives and behavioral effects, while other studies indicate a moderate use or prohibit the use of some food additives. Microscopic test of histological slides from stomach and intestines exposed tissues to Chocolate Brown HT showed damage and necrosis in the cells for tested groups compared with control group oxidative stress caused by free radicals generated from the E155 dye [37] . In any of these cases the waters polluted with this additive must be treated with specific techniques for its disposal. Figure 5 shows a maximum value for electrochemical color removal when the bromide and chloride electrolytes are used. In the presence of bromide ions (Figure 5a ), the time required for the total discoloration is less than 50 s, whereas for chloride electrolyte (Figure 5a ), the time required for total discoloration is 5 min. In the presence of iodine (Figure 5a ), the electrolysis process cannot be highlighted for more than 2 min due to iodine formation, so that ECR does not reach a value greater than 18%. Because of its electrochemical stability, fluorides lead to a maximum electrochemical color removal value of the additive of 60%, after one hour of electrolysis (Figure 5b ). 
CONCLUSIONS
The temperature-dependent thermal properties of Chocolate Brown HT color food additive can provide an optimization of the processed food quality. In the case of this chemical compound, the cooking temperature of 250-300 °C must not be reached during food processing. This is a critical temperature from which the thermal degradation of the compound begins, and if this temperature is exceeded, the quality of the products containing this food additive is no longer guaranteed.
Electrochemical measurements have shown that the electrochemical color removal of the BHT molecule has the highest value in the presence of bromides; it achieves the maximum value in about 35 s; only 5 min are required for the degradation of BHT molecules in the presence of chloride ions; in the presence of fluorine, the value does not exceed 60% for one hour of electrolysis; oxidation of iodines makes it impossible to analyze the electrolysis process for more than 2 min.
This research has been focused on a specific industry that produces food additives, and suggests the electrochemical degradation process for the aqueous wastes of the food industry, but there are complex systems for the industry of other used food additives. Aditiv za hranu čokoladno smeđe HT (E155) je karakterisan simultanom termogravimetrijom i diferencijalnom skenirajućoj kalorimetriji (TG/DSC) koristeći termičkig analizator Diamond (Perkin Elmer). Proučavanje prirode topljenja i pirolize aditiva E155 pomoću TG/DTG je ukazalo na promene u sastavu, što je zaključeno na osnovu nekoliko smanjenja mase uzorka. Na kraju zagrevanja uzorka u opsegu temperature od sobne temperature do 1000 °C zaostaje 33% od početne mase. Termička razgradnja E155 u inertnoj azotnoj atmosferi je istraživana DSC metodom radi predviđanje stabilnosti ovog aditiva. Ova analiza sa velikom tačnošću predviđa upotrebu aditiva E155 u prehrambenoj industriji ili domaćinstava. E155 je, takođe, okarakterisan elektrohemijskim metodama u prisustvu različitih halidnih aniona. Na osnovu podataka dobijenih cikličnom voltametrijom i elektrolizom konstantne struje, potvrđeno je da efikasnost elektrohemijske degradacije molekula BHT ima najveću vrednost u prisustvu bromidnih aniona, a najmanju u prisustvu fluoridnih jona.
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